Little information is known about the effects of 2-azafluorenones on the cellular signal transduction pathway. In this study, C6 glioma cells were used to test the effect of 2-azafluorenone and its related compounds on histamine-induced phophatidyl inositol (PI) turnover, because of some similarities in chemical structure between these compounds and histaminergic receptor antagonists, such as chlorpheniramine. To investigate the mode of action, studies of the effects of these compounds on PI turnover induced by AlF 4 -, Adenosine 5' triphosphate (ATP), bradykinin and A23187 were carried out. 
Introduction
Azafluorenone derivatives have been reported to possess aldose reductase inhibitor properties (5) . These compounds are also found to be structurally related to a significant class of alkaloids such as onychines (16) . A convenient method for the synthesis of 2-azafluorenone and other tricyclic pyridines by intramolecular cyclization of 4-aryl-pridines was reported by Shiao et al. (14) . In addition, Hundsdorf et al. (5) reported a new and general synthesis of substituted 2-azafluorenones for drug development purposes.
Recently, Prachayasittikul et al. (11, 12) obtained bioactive azafluorenone alkaloids from the Polyalthia debilis (Pierre) Finet and Gagnep (Annonaceae) plants. They reported that the bioactive extracts of these plants have potential antimicrobial, antimalarial and cytotoxic activities. These findings suggest potential uses of P. debilis in medicinal applications.
In this study, we used C6 glioma cells to test the effects of 2-azafluorenone and its related compounds on histamine-induced phosphatidylinositol (PI) turnover, because of similarities in the chemical structures of these compounds (15) and histamine H1 receptor antagonists such as chlorpheniramine to seek further biological activities of these compounds, in addition to the above mentioned ones.
Materials and Methods
The radioisotope-labeled compound, [1, 2- 3 H] L-myo-inositol (45.8 Ci/mmole), used in this study was purchased from New England Nuclear Co. 
Cell Culture
The C6 glioma cell line was a gift from Professor T. T. Chou at the Institute of Neuroscience, National Yang-Ming University. These cells were cultured in Ham's F-10 medium (J.R. H. Bio-Science, Shawnee Mission, KS, USA) with 10% fetal bovine serum (Hyclone Co. Logan, UT, USA). Cells in T-75 flasks were kept at 37°C, 5% CO 2 and 95% O 2 in an incubator. The culture medium was changed every other day. This cell line has been used widely for decades since its establishment in 1968 (1) . Although it has been cultured extensively in vitro, its tumorigenicity remains quite stable (17) .
Methods
C6 glioma cells were seeded on three glass cover slips (10 × 40 mm), and kept in a 60 mm culture flask; and then the flask was kept in a humidified incubator at 37°C and 5% CO 2 until cell growth reached confluency. Before the experiment, the medium was changed to F-10 culture medium without addition of bovine serum. Labeled materials were added to each flask for the stated period of time, and then the unlabeled portion was washed out by washing with TM buffer (50 mM Tris-HCl, 0.5 mM MgCl 2 , pH 7.5) three times. (2, 10) Labeled [
Phosphatidylinositol (PI) Turnover Analysis
3 H] myo-inositol (1 µCi/ml) was added into each flask for incubation for 24 h, and the culture medium was then removed. The flask was washed three times with TM buffer. 10 mM LiCl was then added to prevent the break down of inositol phosphates into inositol. After that, a stimulator such as histamine was added into the flask for a period of time such as 60 min. At the end of the incubation, an ice-cold buffer was used to wash twice to end the reaction in the flask. The glass plates were removed for counting and kept in the scintillation counting vial. Subsequently, extraction of phosphor inositol metabolites was carried out. An amount of 2.4 ml chloroform/ methanol mixture (1:2) (v/v) was added to the scintillation vials, which contained the C6 glioma cells. At the end of the PI turnover reaction, the vials were vortexed vigorously for 30 sec in order to extract [ 3 H]IP 1 from the cells. Chloroform (0.8 ml) and 0.8 ml of double-distilled water were added and stirred thoroughly for 15 sec. The scintillation vials were kept and shaken in a sonicator for 15 min to remove the cells from the glass plates. After centrifugation at 500 g for 10 min to separate the solution into a top aqueous layer and a bottom chloroform layer, 200 µl was removed from the chloroform layer to scintillation vials in which 3 ml liquid scintillation cocktail was added. After mixing, the vials were counted to determine [ 3 H] inositol incorporation.
Analysis of GPI and PI (10)
The PI was analyzed by anion-exchange chromatography. Half milliliter of AGI × 8 resin (100-200 mesh, formate form) was kept in a Pasteur pipette to form a column. Diluted aqueous extraction material was added (6.4 ml) into the column and the PI was combined with resin. Ten ml of double-distilled water was added to wash out free PI. Then 6 ml 60 mM sodium formate and 5 ml sodium tetraborate were added to wash the 
Statistical Analysis
In this study, Student's t-test was used for statistical analysis; the significant difference was set as P < 0.05 between two groups in the comparison. Each experiment was carried out in triplicates, and each test was repeated at least three times.
Results

Histamine-Induced [ 3 H]IP 1 Accumulation
After incubation of varying concentrations of histamine with the C6 glioma cells at 37°C in the presence of 10 mM LiCl, there was a concentrationdependent accumulation of [ 3 H]IP 1 formation, which reached a maximal response at 100 µM ( 
Effects of 2-Azafluorenone and Its Derivatives on Histamine-Induced [ 3 H]IP 1 Accumulation
The structure of 2-azafluorenones has some similarities to the antihistaminergic drug chlorpheniramine. Pre-incubation with 100 µM of 2-azafluorenone (F1) or its derivatives, 4-methyl-2-azafluorenone (F2), 6-chloro-2-azafluorenone (F3) and 6-methoxy-2-azafluorenone (F4) for 10 min, could block 100 µM histamine-induced [ 3 H]IP 1 accumulation in a 60 min incubation period. This resulted in inhibitory effect in the range of 44 to 55% (Fig. 3) .
The compounds 2-azafluorenone and 4-methly 2-azafluorenone had a concentration dependent inhibitory effect on 100 µM histamine-induced ]Inositol labeled cells were incubated with 10 mM LiCl, The cultures were then exposed to various concentrations of histamine for 60 min. The basal activity measured in the absence of histamine was 3216.7 ± 52.4 dpm/10 7 cells. The data presented are the means ± S.E.M. from five independent experiments, which were performed in triplicates. observed. Inhibition ranging from 40 to 55% was seen at 20 to 60 min incubation period (Fig. 5) .
Effects of 2-Azafluorenone and 4-Methyl 2-Azaflurenone on ATP-or Bradykinin-Induced IP 1 Accumulation
2-Azafluorenone or 4-methyl 2-azaflurenone was found to inhibit ATP-or bradykinin-induced IP 1 accumulation. Pre-incubation with 100 µM of 2-azafluorenone or 4-methyl 2-azafluorenone, followed by a further 60 min incubation period with 1 mM ATP or 10 mM bradykinin (BK) in the presence of 10 mM LiCl resulted in an inhibitory effect in the range of 45 to 55% (Fig. 6) .
Effects of 2-Azafluorenone and 4-Methyl 2-Azafluorenone on AlF 4 --Induced [ 3 H]IP 1 Accumulation
Pre-incubation with 100 mM of 2-azafluorenone or 4-methyl 2-azafluorenone for 10 min, and followed by incubation for a further 60 min with 100 mM AlF 4 -in the presence of 10 mM LiCl, resulted in a 45 to 55% inhibition of [ 3 H]IP 1 accumulation (Fig. 7A) .
Effects of 2-Azafluorenone and 4-Methyl 2-Azafluorenone on A23187-Induced [ 3 H]IP 1 Accumulation
Pre-incubation with 100 µM 2-azafluorenone (F1) or 4-methyl 2-azafluorenone (F2) for 10 min, and followed by addition of 100 µM of A23187 and incubation for an additional 60 min, F1 and F2 caused an inhibitory effect on A23187-induced [ 3 H]IP 1 accumulation by 43% and 50%, respectively (Fig. 7B) . In the incubation medium without calcium, 100 -. The data presented are the means ± S.E.M. from three independent experiments, which were performed in triplicates. *Significant effect of 2-azafluorenone (F1) and 4-methyl 2-azafluorenone (F2) treatment on AlF 4 -response, when compared to value of AlF 4 -or A23187 only (based on Student's t-test; P < 0.05). (Fig. 8) .
Effects of TMB
Discussion
Some receptor activation can cause membrane phosphatidyl-inositol break-down to generate metabolites of diacylglycerol (DG) and inositol 1, 4, 5-triphosphate (IP3) via a link to the pathway of enzyme PI-PLC. Further action of these products may result in an increase in [Ca 2+ ] i release or protein kinase C activation (2) . The sequences of this chain reaction play a very important role for cellular functions, such as cell proliferation, secretion, apoptosis and muscle contraction. It has been reported that PI-PLC is composed of five isomers: α, β, γ, δ, and ε, that are expressed in different tissues. In rat brains, δ and ε subtypes are the main isomers of PI-PLC (13 (4, 7) .
The action of signal transduction pathways is 
